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This invention relates in general, to detecting appara-
tus, and more particularly to an electronic bottle or
container-cap detector apparatus for detecting the ab-
sence of closure caps on filled containers moving in a
high speed packaging or processing line.

Heretofore, cap detector - apparatus made .in accord-
ance with the teachings of the prior art have been re-
stricted in their use to slow speed service or to the de-
tection of closures or caps made from magnetic ma-~
terial and, hence, have been unsuited for use in current
high speed packaging lines where speeds in excess of
- 600 containers or bottles per minute are the rule.and,
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in addition, the containers have been capped with clos- :

ures made from non-magnetic metal, of which aluminum

is a prime example. . Moreover, prior electronic detectors
have been complicated in circuitry and failed to guard
against. the passage of uncapped containers in the event
of failure of any of its components or loss of power
thereto.

Accordingly, it is the aim of the present invention to
provrde an electronic cap detector apparatus which is
simple in construction and employs only a few component
parts, is posmve and reliable in operation at any bottle

or container speed and is.capable of sensing the pres- -

ence or absence of caps of magnetic or of non-magnetic
metals with equal facrhty, which shall be: possessed. of
“fail-safe” characteristics in: case of failure of any of its
components, or loss of power thereto and which shall
afford effective and. positive  missing cap protection to
the packaging line on which it is installed.

A further object of the invention is to provrde an elec-
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Fig. 4 is an inverted plan view of the detector head
taken on the line IV—IV of Fig. 3, and

Fig. 5 is a diagrammatic tepresentation of the de-
tector apparatus and circuits as applied to a motorized
line of the type shown in Fig. 1.

In the food and beverage packing industries, automatic,
high speed packaging lines are used in which, in general
glass containers, travelling in single ling progression, are
filled with a given product and hermetically sealed with
metallic closure caps. Capping failures are not im-
possible and glve rise to difficulty, particularly in re-
gards to causing contamination of the prevailing sterile
conditions which pur1ty and high quality standards de-
mand, especially in the case of packaging some food
products, such as specxally prepared baby and junior
foods and the like in glass jars or containers having
screw-on caps ‘whose threads are conformed to those on
the containers by means of pressure roller discs of a
thread rolling “unit or mechanism in the packaging line.
Such containers sealed with screw thread caps are par-
ticularly desired . because of the advantage possessed
thereby of affording easy opening. of a container without
cap. deformation or danger of glass -chipping and of per-
mitting. airtight resealing of the container for keeping
unused food portions or second helpings moist and tasty
daring refrigerator. storage thereof until another feeding
time. In such a packaging line, use of cap detecting
apparatus is satrsfactory only if it-is of utmost depend-
ability and reliability in service, so as to prevent an un-
capped container from reaching the thread rolling unit and
possibly being: chipped or scored by the pressure discs,
this being, afforded by. the present invention, éven under
component failure conditions, whch operates to effect
stoppage of the line.

While herein shown and described in conjunctron with
an- exemplary packaging line for baby foods and the
like, it will be understood that the invention is not
limited thereto.

Referring to Fig. -1, showmg a - typical baby food
packaging line layout, relatrvely small glass jars or con-
tainers ‘are, in a continuous succession of high speed,
automatic operations, - washed and sterlized in-a washer
mechanism 16, delivered by line conveyor i} to the in--

. take star 12 of a rotary multiple pocket ‘filler: 33 and
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tronic ‘cap detector apparatus incorporating a cojncidence

output relay ¢ircuit which is normally energlzed and con-
trolled by a contairer detector or sensing circuit and a
 cap detector or sensing circuit ‘so- as to effect ‘cutput
relay .operation for signalling- and/or control . purposes

only responsively to appearance of an uncapped - con- .’

- tainer at the Jocation of the detector.or to loss of power
‘to.the. detector.

) Still ‘another ob]ect -of the’ 1nvent10n is to srmphfy and'
improve generally the. structure and operauon of’ ap-

paratus of the character reférred to.
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One form of apparatus by which the 1nvent10n may :

be practiced is shown in-. the accompanymg drawmgs,

wherein:. . -
. Fig-.17is a. Generally d1agrarnrnat1c plan vrew of a

) typical layout: of .a high speed. packaging. or processmg

filled with food product as they progress to the outlet

side of the filler. From here, they are conveyed, as by
an extension of the line conveyor 14 of a sealing ma-
chine 15;in spaced order past a capping station 18, cach
to receive from an overlying cap dispenser a plam-sklrt
closure cap-loosely on the mouth thereof in ‘passing. to
intake star 17 'of the:sealing machme This ‘machine is -
equrpped with a rotary-multiple pocket steam vacuumiz-
ing unit 18 to which the intake star:delivers the containers
for vacuum sealing the caps thereon and a rotary multiple
head thread rolling umit 19 to which a transfer star 20.
delivers the- contamers from unit. 18. By means of pres--
sure oller- discs at.each’ head of the thread rolling umit,
conformed- threads: are rolled in the skirt of each cap,
according to. the ‘method dxsclos d in Sharp Patent 1,684~

1892, thereby tarlormg the .cap threads. to the container
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line with: the detector: head.of the detecting apparatus of e

the mventlon in operative. relation’ thereto;

Fig..2is a view, in side elévation; on an enlarged scale, .

' of a portion’of the mechanism of Fig. -1, ‘with the.de-
tector-head in end elevation for. ¢larity of illustration,

.and showmg -an uncapped jar or ‘container approachma" :

" the -detecting: station;

-Fig. 3 isa sect1onal- 1evat10nal vrew on the same

- -scale as~Fig.-2, lookmg in the d1rect1on of the arrows. 7

on line III—III of Flg 1;

70

threads with the cap in tight sealmg ‘relation-on the
contamer A fake-out . star. 21 receives the containers -
from the threading unit and<moves them back onto the

line conveyor 14 for dehvery onto a take-out conveyor
6 ‘(not-shown), whereby they are conveyed past any other
- desired - units .in the line, such as marking.and testing

units, and -delivered:.to any suitable point, such as a
marshallmg or collectmg area.. The washer, filler and
seahng machme and " assoc1ated conveyors may be. actu-
ated in synchromsm by any. suitable means; here illus-
trated .in .an.effective form as an electric drive motor

.22 operauvely connected thereto throngh. bevel gearmg
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and shafts 23, 24 and 25, respectively, and the cap dis-
penser may be driven by suitable connection with the
sealing machine. In accordance with conventional prac-
tice, the drive connections to the washer, filler and cap
d1spenser may each include a suitable clutch having an
electric switch controlled thereby, which switches “Si,

52 and S3, as shown in Fig. 5, may be disposed in series °

in the starting circuit of motor 22 so as to interlock the
operation of the motor with each of these mechanisms.
Since the ‘mechanisms constituting the thus generally de-
scribed packaging line' may be of various well-known
types and in themselves form no part of the present in-
vention, it is considered unnecessary to ‘describe them
further.

The apparatus for detecting uncapped containers com-
prises- detector head- 30 carrying cap and container -de-
tectors or sensing ‘means 31 and 32, and a coincidence
relay circuit controlled by the latter, which circuit (Fig.
5) comprises two electron tubes 33 and 34 which are
preferably the respective halves of a dual .triode tube,
such as a 12AU7 or a 5814A tube, and electro-magnetic
switch means 35 controlled by the electron tubes.: These
latter elements, as well as a D.C. power supply unit 386,
are mounted in a cabinet (not shown) from which a suit-
able cable extends to the head 30 for connection with
the electrical components of the cap and container -de-
tectors.

As shown in Figs. 1 through 4, the head 30 is dis-

posed to overlie the iravel path of the containers 4i at
any suitable testing station or point intermediaté the
" capping station 36 and the vacuumizing station 18. It
may suitably be supported in this position as by means
of a post 42 upstanding from the plane-top of the seal-
ing machine 15 and a split clamp 43 projecting from one
end of the head and held to the post by a clamping
screw, as indicated. - Any other suitable mounting for
the -head may be used. The head contains a complete
electronic 'oscillator hermetically sealed therein which
constitutes the cap detector 31. The oscillator includes
a two-section or tapped inductance coil 44 and ‘a triode
tube 45; in fact, the head is preferably an epoxy resin
potting material in which the oscillator is' embedded,
only a recess covered by a gasketed cover plate 46 being
provided therein for placement of tube 45 in its terminal
socket and replacement, as required in service. - This
complete ‘embedment of the oscillator is conducive to
stable operation thereof ‘despite the adverse temperature
and humidity conditions and changes in which 1t is Te-
quired to operate.

Coil 44 is of generally elongated elhptlcal form, close-

ly adjacent to the underside of the head and generally
parallel to the travel path of the containers. It will be
observed ‘that caps 47 on the ‘passing containers will
traverse the coil lengthwise in clearance relation or in
close proximity thereto and will be- detected by effec-
tively changing its inductance and thereby lowering the
frequency of the oscillator. T
apart a distancé preferably slightly greater than the coil
‘length; as shown, in order ‘to provide a timing gap or
interval between the -operation of the respective cap and
container “detectors, as hereinafter -described.

The container detector 32 is carried on the underside
of head 3¢ and is of a radiant energy responsive type
which avoids physical contact with-the containers -and
permits - their high- speed travel without jamming the
controls. For effective simplicity, it comprises two Jight-
sensitive devices or photo-conductive cells ‘5¢—51, each

having two identical non-polarized electrodes, disposed:

THe containers are-spaced -
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interval when both light beams are simultaneously in-
terrupted or broken by a passing container. These two
cells, as shown in Fig. 5, are connected in parallel, one
side thereof being connected by wire 54 to the positive
voltage terminal 55 of power. supply unit 36, and the
other side being connected through wire 56 to one end
of a potentiometer 57 having its other end connected to
ground and its sliding contact 58 connected to the con-
trol grid 59 of tube 34. The effect of only ome light
beam being broken is the same as-if neither is broken,
so that the grid of tube 34 is maintained at a relatively
high positive potential which results in the tube conduct-
ing until both light beams are interrupted by the inter-
posed container. -

The full effect of a cap 47 upon the coil 44 is not
experienced until the cap reaches substantially the posi-
tion shown in dot-dash lines in Fig. 4, where it is fully
under the coil, at which cap-coil relationship only the
front or first light beam from source 52 to cell 5¢ is inter-
rupted by the interposed container.. Thus, the presence
of a cap is detected before the second light beam to the
cell 51 is broken. It will also be reen that, subsequent

 to both light beams being interrupted to cause operation
" of the container detector, the light beam to cell 5¢ is re-
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established while the cap is effectively under the coil 44
at the rear end thereof; thereby restoring the container
detector to its normal condition before the cap dstector
oscillator returns to its normal higher frequency output.
In other words, off-on operation of the container de-
tector is intermediate or interposes the operation of the
cap’ detector. - In this manner, sequential operation of
the cap and container detectors, with automatic timing
of their operation, is effectivedly -and simply obtained
while permitting the use of a relatively short length coil
44 “for reduced inter-turn capacitance and oscillator
operation at optimum normal frequency of about one-
half megacycle. . While subject to variation, the length
of the coil will' be made approximately equal to the con-
tainer diameter plus the center-to-center distance between
the two cells 50-—51. This results in effective detection
of non-magnetic or magnetic ‘metal caps.

" Referring to Fig. 5, the power pack or supply unit
36 for the detecting ‘apparatus may suitably comprise
transformer 69, full wave bridge rectifier 61, filter net-
work 62, and cold cathode, voltage regulating tube 63,
which, togéther with resistor 64, serves to regulate the
direct voltage output to 105 volis, for example, regard-
less of A.C. supply: voltage fiuctuations-and/or changes
in load current. Transformer 60 may be designed- for
excitation from a usual 60 cycle A.C. supply circuit at,
say, 115 volts. It also has a low voltage winding 65 to
energize thé-filaments of the light sources 52—53 and
the cathode heaters of the electron tubes, these connec-
tions - being conventionally indicated by .the ‘symbols
X—X.. The negative side: of .the direct voltage power
supply connects to the mounting chassis, indicated by the
conventional . ground -symbol; and the positive side con-

 nects to the power terminal 55. From here, it connects
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through wire ‘66 to tap 67 of inductance coil 44 and
through. wire 68 and voltage droppmg resxstor 69 to
the cathode 70 of tube 33. .

In accordance with an 1mportant feature of the inven-
tion, the. switch means 35 comprises a sensitive  direct

“ current relay having two separate operating coils 72 and

alongside each other at one side of -the contaifier path -

and midway of the length of coil 44 and their individual
light sources 52—53 ‘at’ the other 'side of the'ccatainer
path, to provide, in effect, a broad-width photo-cell unit:

This makes it possible to reduce the length-of ‘the coil’

44 for reasons that will hereafter appear. Normally,
the photo-cells provide a continuous output signal ‘voltage
which is ' dropped  to minimum ‘value only ‘during the

70

73 mounted on one relay frame.  If either,- or both;
coils are energized the relay -will ‘pick up’ and remain up
unti] both coils are de-energized at the ‘same time. Both
coils ‘are. connected at-ong end to a D.C conductor 74
and are connscted at'their other ends to the anodes 75 =
and-76 of tubes 33 ‘and-34, respectlvely Conductor 74
may -be continuously energized .only- so long: as relay 35
is maintained energlzed to hold its ‘Hormally -open con-
tacts or switch ‘77 in -closed position;: Which  contacts

" interconnect power termifial 55 ‘and conductor 74, when.

76

closed. During normal operation, relay 35 -is’‘ener-



2,082,863

5
gized and conductor 74 is continuously  energized. By
using two separate coils on relay 35, stable and reliable
operation of the tubes 33 and 34 is achieved becausethe
plate voltage on either tube remains unaffected by the
operation of the other tube. In addition, the relay has
to operate, or drop out, only when an uncapped con-
tainer is detected, which is not very often. The circuit
arrangement which is provided has the advantage of af-
fording fail-safe protection, in that failure of any com-
ponent of the electrical apparatus or power failure thereto
will result in dropout of relay 35 and deenergization of
conductor 74.

10

In order that signalling and/or control burden may '

be removed from relay 35, a heavier duty control relay
78 is provided, whose coil 79 is connected to conductor
74 and to ground through a potential divider compris-
ing resistors' 81 and 82. This relay picks up or is ener-
gized whenever relay 33 is energized, which operation
may be effected by momentary closure of the contacts
of a Teset switch 83 or the contacts 84 of a start switch
85 in the starting circuit of motor 22, both of which
sets of contacts are in parallel with the contacts 77 of

relay 35.

The cathode 856 of tube 34 is commected to gfoundv

through the lower biasing resistor 82 of the potential
divider. The photo-cells 50-—51 and potentiometer 57
form a-potential divider between power terminal 55 and
ground, so that with light from sources 52—53 imping-
ing on these cells, or either of them, a low impedance
path is provided through the cells, and the potential on
grid 59 is a positive value which results in the tube con-
ducting, if its anode-cathode circuit is energized. This
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circuit is completed by depressing reset switch 83 or the _

start switch, thereby energizing conductor 74 from power

terminal 55 and tube 34 conducts, which energizes coil*

73 and relay 35 closes -its contacts 77 to maintain the:
energization of conductor-74. Parallel relay 78 also.
energizes. When both cells are darkened by an inter-
posed container, their impedance is high and thereby the
potential on grid 59 is dropped to such a low value that

tube 34 does not conduct and relay coil 73 deenergizes.’

However, the relay 35.will not drop out if ~there is a
cap.on the cell-darkening container, because; as hereto-
fore mentioned, the cap detector is-operative to. cause
energization of coil 72 of the relay before the container
detector causes deenergization of coil 73.. :

The oscillator. 31 is generally: of the Hartley type.
Section L1 of the coil 44 is connected to the- plate or
anode of tube 45 and is the main oscillating. plate coil,
and section L2 is connected: through direct current block-
ing-condenser C1 to the grid of the tube and is the grid
feed-back coil.. The grid and cathode are connected
through biasing resistors R1 and R2, respectively, to
ground through the grounded- shield 87 of a coaxial cable
whose shielded conductor 88 is connmected at one end
to the oscillator plate. circuit.
. cillator tank.capacitance and is, in the present instance,
composed of the capacity between conductors:in the
length of cable which connects the detector head to the
chassis in the .control cabinet, and thus is.shown in dot-
ted lines. Sections L1 and 12 may. suitably ,comprise
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Condenser C2 is the o8-~

66
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nected through wire 91. Grid 99 is connected to ground
through resistor 92, across which silicon diode rectifier
93 is connected polarity-wise in such direction that only
the positive halves of the signal voltage appears on the
grid. Tube cathode 70 is connected to ground through
Zener diode 94 and potentiometer 95 which provides. a
negative bias on tube 33 which normally prevents its con-
duction and relay coil 72 is deenergized. By using the
Zener diode, the bias is maintained substantially constant
and the potentiometer 95 adds some additional bias and
enables its value to be easily adjusted so as to select the
operating point for the cap detecting circuit.. When a
cap is under coil 44, the oscillator frequency is lowered.
The wave trap is not tuned to this lower operating fre-
quency and will now pass a voltage which is ten fold
greater ‘than its resonant frequency. output. Due to this
increased voltage on grid 90, tube 33 conducts and relay
coil 72 energizes. o

In order to energize relay 35 initially with the detector
equipment energized, either reset switch 83 or start
switch 85 at the motor control station may be depressed,
thereby energizing the normally dead or deenergized con-
ductor 74 to complete the anode-cathode circuit of tube
34. . 'With light shining on the photo-cells 50-—51, the

tube grid 59 is at its high potential and tube 34 conducts.
Current flow through the tube energizes coil 73 .and relay

35 closes its contacts 77 and seals itself in through these
contacts. Relay 78 also picks up and stays in so long as
conductor 74 remains energized. Its contacts 96—97
may be connected to indicating lights to show the “on”
and “off” condition of the detector apparatus., Its con-
tacts 98 control the starting circuit of motor 22.
' When relay contacts 98 close, they complete a circuit
around a selector switch 10¢ having contacts 101 con-
nected in a conventional motor start-stop circuit which
includes the operating coil 1$2 of a ‘magnetic motor
starter switch MS. Selector switch ‘160 in “automatic”
position opéns its contacts 101 and permits- eperation of
the motor and the packaging line through the by-pass
contacts 98 under control of the detector apparatus. In
its' “manual” position, contacts 101 are closed, thereby
cutting the detector apparatus. out of service. -Contacts
163 and 104 of switch 109 may control the circuits of
indicating lights to show whether the switch is in either
its “automatic” or “manual” position. . . R
Assurhing switch 100 to be in “antomatic” position,

. as shown, depressing start switch 85 will cause the detec-

tor -apparatus fo be energized, with.relays-35 and 78
sealed in, as above described, and also. will cause the
motor 22 to be started by connecting coil 102 of switch

“MS across the supply lines' X—Y, fed from a suitable
'A.C. source through a transformer T. A timing relay

T2, in parallel with coil 182, also energizes. - Switch MS
closes so that motor 22 is fed with power to drive the
packaging line, and. its contacts 165 and 196 completes a
holding circuit for coil 102 around the start switch 85 and
opens ‘the ‘circuit of a timing relay T1 and the branch
circuit of control: relay - CR, -respectively.  Both relays
deenergize and so rémain until the motor is to be deener-
gized. Relay T1 at its slow-to-open contacts T1-A closes

" a point in the branch circuit of relay CR.- Relay CR con- .-

- about 60 and 30-turns, respectively,. of suitable conductor
. wire. Normally, the oescillator operates at a frequency .-

of about 475 kilocycles, but when a metal cap comes-in
position under the coil, it has the effect.of lowering the

frequency to about 425 kilocycles,b_avnd‘;in_i both cases is "

a sine wave voltage signal. TR I
_ The oscillator output signal. passes. through. a direct

current blocking condenser C3 ‘and. into a wave. trap
comprising parallel inductance coil §9 and tuning con:

65

denser C4, by which the trap is tuned to the nornial

operating frequency of the oscillator. Since -the wave
trap is resonant at'this frequency, it presents a very high
" jmpedance t6-the signal ind very little voltage. appears
at the grid"90 of tube 33 to which the wave trap is con-

“trols the operation of power brakes on the filler 13, the =
sealing machine 15 and the intake star 17, deenergizing .

the operating solenoids of ‘such’'brakes by opening its-

- ~contacts ‘198; 169 and" 110, respectively, and”closing its -

contacts 111 tc energize the sealing machine brake: “off”

' .solenoid, ail as indicated atthe lowgr’portion of Fig. 5.
- Normally closed contacts 112 of reldy CR ‘may-be con- .
" nected to an’indicating light and’close to show that the.

70"

brakes are off.  Relay T2, heretofore mentioned, ener-
gizes with coil 162, and opens ifs slow-to-closé contacts
T2-A ‘to deenergize timing relay T3 -ard this relay drops.

out to_¢lose its slow-to-open ¢ontacts T3—A .in the circuit

]

of an alarm bell 115. = This alarm, when subsequently, -

actilated, siznals the detection of an uncapped containgr. -
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at the testing station, along with stoppage of the line under
the control of the detecting equipment.

The operation of the detecting apparatus briefly is as
follows: o

At intervals between containers, light falls on both
photo-cells and continues the conduction of tube 34 to
keep relay coil 73 energized. The cap detecting oscilla-
tor is operating at its normal frequency at this time, and
its-output voltage is reduced by the resonant wave trap
to such low value that tube 33 is cut off and relay coil 72
is deenergized. As a capped container enters under the
testing head 30, it first cuts off light to the front cell 50,

. but before the light to the second cell 51 is cut off; the

cap comes fully under the coil 44 and the reaction there-
between lowers the oscillator frequency which results in
about a tenfold increase of voltage at the output of the
wave trap and, consequently, at the grid of tube 33.
This tube conducts and relay coil 72 energizes. As. the
container moves further under head 30, the light beams
to both cells 50—51 are interrupted by the container,
whereby the voltage impressed on the.grid of tube 34
drops to such value that this tube becomes non-con-
ducting and relay coil 73 deenergizes. Relay 35 remains
picked up, however, because its coil 72 is energized.
Condenser C5 may. be connected across coil 72 to avoid
relay chatter, if required. Further progress of the con-
tainer under the head allows light to fall on cell 56 there-
by causing tube 34 to conduct and re-energize coil 73
at which time the cap on the container may be substan-
tially at the rear or discharge end of the coil 44. Then,
as the container moves away from the head, the cap’s
effect on coil 44 disappears and the oscillator returns to
its normal operating frequency, the grid voltage of tube
33 drops to. its minimum value and the tube ceases to
conduct, whereupon relay coil 72 deenergizes. Coil 73
now keeps the relay 35 picked up. The testing cycle
repeats itself for each container.

In case a container appears at the detector head, to
start the testing cycle, and it lacks a cap, the light beams
will be successively interrupted, as before, and render tube
34 non-conducting for the interval that both beams are
interrupted, so.that coil 73 is deenergized. However, due
to the absence of a cap to cause the oscillator to change
its frequency, tube 33 does not become conductive and
coil 72 remains deenergized. Since both coils are de-
energized, relay 35 drops out, opening its contacts 77 and
disconnecting. conductor 74 from the power source 55.
Relay 78 deenergizes and its contacts 98 open, whereupon
quick stoppage of the packaging line and sounding of the
alarm are effected.

To do this, contacts 98 open the motor starting circuit,
whereupon switch MS drops out, due to deenergization
of its operating coil 102, and disconnects motor 22 from
its power supply, and MS contacts 106 close to complete
the circuits to relays CR and T1. Relay T2, in parallel
with.coil 162, also deenergizes, but its contacts T2—A do
not close until a preset time period elapses. The contacts
T1-A of relay T1 have a preset-time period before they
open, during which period relay CR is energized and
holds its contacts 108, 109 and 110 closed, thereby ener-
gizing the brake operating solenoids and bringing the
filler, sealing machine, intake star and the conveyor line
to a quick stop.. This prevents the. detected uncapped
container from reaching the ‘threading unit. When the
time period of contacts T1-A elapses, they open to de-
energize relay CR and the contacts 168, 109 and 116
open,- thereby deenergizing the brake operating solenoids,

. while its contacts 111 close :to energize the sealing ma-
chine brake -“off” solenoid.. When the time period -of
contacts T2-A expires, they close to complete the circuits
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container, as by removing-it, it is necessary to depress the
start switch 85, whereupon the circuit operations herein-
above described occur.

Reset switch 83 enables reset of relays 35 and 78 with-
out starting motor 22 whenever testing of the circuits of
the detector apparatus may be desired. During opera-

" tion, however, it will be seen that in case of failure of

any of the components of the detector apparatus or loss
of power . thereto, double-coil relay 35 will drop out or
deenergize and open-circuit conductor 74 and relay 78,
whereupon line stoppage will be effected, as heretofore
described. Thus, positive missing-cap protection is af-
forded under both operative and break-down conditions
of the detector apparatus.

While.a detailed description of a preferred embodiment
of the invention with respect to its mechanical and elec-
trical construction has been set forth, it should be under-
stood that the details thereof are not intended to be limita-
tive of the invention except insofar as set forth in the
accompanying claims.

What is claimed is:

1. Cap detecting apparatus for containers moving in
spaced progressive order past a testing station, comprising
a power and a dead conductor, relay means operable to
control the movement of said containers and including
a two-coil relay connected to said dead conductor and
having a normally open switch operable to interconnect
said conductors, two grid controlled electron tubes respec-
tively connected to said relay coils for controlling ener-
gization thereof, a container detector comprising photo-
conductive cell means and light means therefor at oppo-
site sides of the container path at said station connected
to and controlling the potential on the grid of one tube
for maintaining it conductive and its relay coil energized
until an interposed container darkens said cell means, a
cap detector comprising an-electronic oscillator having an
elongated inductance coil disposed lengthwise in- clear-
ance relation to caps on passing containers at said station,
said oscillator operating at a normal frequency: which is
reduced to a lower frequency by the cap on a passing
capped container, a circuit connecting said oscillator to
the grid of the other tube, a wave trap in said circuit
tuned to said normal oscillator frequency to pass .2 mini-
mum potential to the grid of said other tube and main-
tain it non-conductive and its relay coil deenergized until

~ said capped container enters under said induction coil to
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change the oscillator- frequency, whereby said wavetrap
passes an increased potential which renders said other
tube conductive and its relay coil energized, said induc-
tance coil extending forwardly and rearwardly of said
cell means whereby off and on operation of said contajrier
detector is intermediate the operation of said ‘container
detector, and manually operated means for effecting mo-
mentary energization of said dead conductor from said
power conductor and ‘placing its continued energization

_ under control of said two-coil relay. .
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2. The detecting apparatus as defined in claim 1 where-
in said manually operated means comprises a push switch
having normally open contacts connected across said cori-
ductors and operable to effect energization of said relay
means and: interconnection of said conductors through
said normally open switch until both of said relay coils
become deenergized at the same time. ’ .

3. Cap detecting apparatus for containers moving in’

~-spaced progression past a test station, comprising a power

70

to relay T3 and alarm bell 115..- The contacts T3-A-of -

relay T3 have a preset time period before they open and

during this period the alarm 115 rings and then shuts off -

by opening of contacts T3-A. : 7
" To.restart the line after taking care of the uncapped

@

and a dead conductor, relay means. operable to control

"said container movement and including a two-coil relay

having its two coils connected to said dead conductor and
a' normally open. switch” operable to inferconnect said
conductors, push switch ‘means for effecting momentary
energization of said dead conductor from said power con-
ductor and placing its continued energization under con-
trol of said two-coil relay, two. electron tubes, each having
a control grid, a cathode and -an anode connected to one
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of 'said relay coils for controlling its energization, a con-
tainer detector comprising photo-conductive cell means
and light means therefor at opposite sides of the container
path at said station comnected to and applying positive
potential on the grid of one tube for maintaining it con-
ductive and its relay coil energized until a container dark-
ens said cell means, a cap detector comprising an elec-
tronic oscillator having an elongated inductance coil dis-
posed closely adjacent above and lengthwise of the con-
tainer path at said station, said oscillator operating at a
normal frequency which is reduced to a lower frequency
responsively to a cap coming under said inductance coil, a
wave trap connected fo receive the oscillation output volt-
age from said oscillator and impréss it on the grid of the

other tube and to ground through a parallel connected .

resistor and rectifier so polarized that positive voltage
pulses are impressed on the grid, said wave trap being
tuned to said normal oscillator frequency and passing a
minimum voltage to the grid of said other tube for main-
taiping it non-conductive and its relay coil deenergized
unless the oscillator frequency is reduced by said cap,
whereupon said trap passes a greatly increased voltage
which renders said other tube conductive and its relay
coil energized during traverse of said inductance coil by
the cap, said inductance coil extending substantially
equally forwardly and rearwardly of said cell means suf-
ficiently for off and on operation of said container detec-
tor intermediate the operation of said cap detector, and
biasing means for said other tube comprising a Zener
diode and series resistance connecting its cathode to
ground for preventing conduction of said other tube until
substantially maximum increased voltage appears-on its
erid responsively to said cap coming under said inductance
coil. ‘

4. A cap detecting apparatus for containers moving in
spaced progression” past a test station, comprising an
epoxy resin detector head at said station overlying the
travel path of the containers, relay means remote from
said head operable to control container movement past
said head and including a two-coil relay and a normally
open switch which is held closed so long as either of ‘said
coils is energized, two grid controlled vacuum tubes,
each having an output circuit connected to one of said
coils and to a power source through said switch, photo-
conductive cell means and light means therefor mounted
on . the underside of said head at opposite sides of the

container path, a circuit connecting said cell means’

across said power source through a potentiometer having
a slide contact connected to the grid of one of said tubes
so that with light shining on said cell means sufficient
positive potential is impressed on the grid to maintain
said one tube conductive and its relay coil energized
uatil an interposed container darkens said cell means,
means for effecting initial emergization of said two-coil:
relay and closure of its said normally open switch, ‘an
electronic oscillator sealed within said head and having.
an elongated inductance coil disposed closely adjacent
above and lengthwise of the container path, said- oscil-
lator operating at a mormal frequency which is reduced
- to a lower frequency by the change in inductance of said

elongated coil by a cap on a container as such cap
traverses the coil length, a wave trap connected to the
" grid of the other tube, and to said oscillator throuigh a
7 shielded conductor, said wave trap being tuned to said
normal- oscillator frequency to pass a minimum voltage
to the grid of said other tube which maintains it non-~
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one tube intermediate the operation of ‘said other tube,
if a cap is present on the container passing said head.

5. A cap detector for' containers moving in spaced
progression past a test station, comprising telay means
controlling said container movement and including a two-
coil relay having a mormally open switch which is held
closed so long as cither of said coils is energized, a nor-
mally conductive vacuum tubé having a control grid and
an output circuit connected to one of said coils and
through said switch to a D.C. power source, a container
detector comprising a pair of parallel connected photo-
conductive cells alongside each other and individual light
sourees therefor at opposite sidés of the container path
at said test station, ‘said cells being connected' to said
power source and to said control grid through a voltage
dropping resistor for impressing control potential on said
grid sufficient to maintain said tube conductive until an
interposed container darkens both cells, whereupon said
tube becomes nom-conducting and said one relay coil
deenergizes, a second normally non-conducting vacuum
tube having a control grid and an output circuit con-
nected to the other of said coils and through said switch
to said power source, a cap detector comprising an elec-
tronic oscillator energized from said power source and
including an elongated inductance coil disposed closely
adjacent above the container path at said test station for
lengthwise traverse by the caps on passing containers,
said oscillator operating at a normal frequency when no
containers pass said test station and .at a reduced fre-
quency when a capped container brings its' cap under
said inductance coil, a wave trap connected to said oscil-
lator and to the grid of said second tube, means for
tuning said wave trap to said normal oscillator fre-
quency to provide a minimum output potential which is
increased to a maximum value when said oscillator fre-
quency is reduced, whereby said second tube is rendered
conductive and energizes said other relay coil, said in-
ductance coil having a length approximately equal to
the container diameter plus the center-to-center distance
between said photo-cells for reduced inter-turn capacit-
ance and oscillator operation at optimum normal fre-
quency, and extending forwardly and rearwardly sub-
stantially equally from the midpoint between said photo-
cells for causing a passing capped container to effect off
and on operation of said container detector after its cap
comes substantially fully under said inductance coil, and

-‘means for effecting initial energization of said two-coil
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relay for subsequent opening of said switch thereof only
when both of its two coils become deenergized at the
same time. : ' '

6. In apparatus for detecting the absence of metal caps
from filled containers such as glass containers, moving
in spaced relation past a test station, a two-coil relay, a
cap detector at said station comprising a high frequency
electronic ‘tube oscillator having an elongated inductance
coil. disposed lengthwise of and closely adjacent above
the top levél of passing containers, said oscillator operat-

. ing at a normal frequency which is reduced to a lower

-]
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conducting and its relay coil deenergized unless said in- -

terposed container carries a cap. to cooperate with said
inductance coil and change the oscillator - frequency,
whereupon ‘the 'wave trap passes increased. grid voltage
which tenders said other tube conductive and its relay
coil energized, said inductance coil extending substan-
tially. -€qually forwardly and rearwardly - of said cell
means sufficiently to-cause off and on operation of said

frequency by a cap coming under said inductance coil
and maintained at said lower frequency for the duration
of the cap’s movement thereunder, a wavetrap connected
to said oscillator and tuned to resonance at said normal
frequency to provide a low level output voltage that in-
creases to a high level when said lower frequency ap-
pears, means comprising a triode vacuum tube responsive
to said output voltage levels of said wavetrap for chang-
ing the electrical condition of one of said relay coils
from a deenergized state to an energized state. for the

.duration of said high level output, a light-sensitive device

70

76

and a source of light therefor at opposite sides of the.
container path at said station providing a high voltage
output until an interposed container darkens said device
in passing and reduces its output, means including a_sec-
ond triode vacuum tube responsive to-said high voltage
output for maintaining the other of said relay coils nor-
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mally energized until said device becomes darkened, said
inductance coil extending substantially equally forwardly
and rearwardly of said device sufficiently to permit a
capped container: to bring ‘its cap substantiaily fully
thereunder for detection. of such cap before such con-
tainer darkens said device and to restore light to said
device before such cap effectively passes beyond said in-
duction coil, and means controlled by said relay for ter-
minating container movement when an uncapped. con-
tainer is detected at said station.

7. In an apparatus as defined in claim 6 wherein a
pair of parallel connected light-sensitive devices and light
sources therefor is provided, with said devices alongside
of each other so-that other relay coil is maintained ener-

5

10

12

gized until both devices become darkened, and the length
of said inductance coil being approximately equal to the
container diameter plus the center-to-center distance be-
tween said devices for reduced inter-turn capacitance and
oscillator operation at optimum normal frequency,
thereby affording effective and positive detection of caps
of non-magnetic metal.
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